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 a) Linear law











































































































































Equation proposed by fib Bulletin 14 where c2 = 2.0 in the case of CFRP. 
In the case of GFRP, previous work, led to c2 = 0.8.
Preliminary considerations
Comparing the maximum bond stress expected with some experimental works…



































τmed (MPa) τmax (MPa)
MC‐REF80‐01 0.0 0.691 1.296 1.52 1.97
MC‐REF80‐02 0.0 0.682 1.288 1.40 1.81
MC‐REF80‐02a 0.0 0.682 1.288 1.21 1.56
MC‐REF20‐01 0.0 0.706 1.309 1.46 1.91
MC‐REF20‐02 0.0 0.706 1.309 1.85 2.42
MC‐REF80‐03 0.5 0.687 1.292 2.20 2.85
MC‐REF80‐04 1.0 0.699 1.303 2.91 3.79


























































































Salt fog cycles (5% of NaCl) Wet/Dry cycles (5% of NaCl)
Ageing hours Ageing hours
For L = 1.0MPa a 35.0% of degradation was
registered after 10,000h of exposure.
However, improvement of the rupture load
in the specimens with L = 0.5MPa was
registered after 10,000h of exposure.
For L = 1.0MPa a 12.5% of degradation was
registered after 10,000h of exposure.
In the others situations there was no 












































In order to study the GFRP/concrete interface and to establish a failure criterion 
based on the Mohr-Coulomb criterion, a research program is under development at 
Universidade Nova de Lisboa (UNL), based on double shear tests to obtain 
cohesion, c, and friction angle, . The figure below shows a typical envelope failure 
law (dotted line) defined according to equation:










Average value 0 1,78 ‐
MC‐NS‐01 3000 1,36 ‐23,60%
MC‐NS‐01a 3000 1,93 8,43%
MC‐NS‐02 3000 1,64 ‐7,87%
MC‐NS‐04 5000 1,41 ‐20,79%
MC‐NS‐04a 5000 2,01 12,88%
MC‐NS‐05 5000 1,99 11,80%
MC‐NS‐08 10000 1,91 7,30%
MC‐NS‐09 10000 1,47 ‐17,42%
MC‐MAR‐01 3000 1,65 ‐7,30%
MC‐MAR‐02 3000 1,43 ‐19,66%
MC‐MAR‐02a 3000 1,97 10,67%
MC‐MAR‐04 5000 1,99 11,80%
MC‐MAR‐05 5000 1,82 2,25%
MC‐MAR‐08 10000 1,07 ‐39,89%
MC‐MAR‐08a 10000 2,16 21,35%
MC‐MAR‐09 10000 1,85 3,93%
In terms of mean value, at 10,000h, the 
salt fog cycles revealed a degradation of 
5.1%.
However, for wet/dry cycles, ignoring the 
value obtained from the MC-MAR-08 
(1,07MPa), at 10,000h of exposure, 
cohesion increase almost 13%.
Note also that the variation of cohesion 
corresponds to the variation of the 
maximum bond stress in the specimens 
without lateral compression stress.
Rupture law























































































































































































(%)Exp. (*) ATENA 3D Exp. (*) ATENA 3D
MC‐REF80 0,0 16,06 17,57 9,40 2,20 2,05 ‐6,82
MC‐REF80 0,5 25,73 25,66 ‐0,27 3,14 3,10 ‐1,27
MC‐REF80 1,0 40,34 37,88 ‐6,10 5,18 4,40 ‐15,06
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bf = 80mm e σL = 0,0MPa bf = 80mm e σL = 0,5MPa bf = 80mm e σL = 1,0MPa
Modeling with FE








































































































































































3. The rupture modes of the reference specimens were all essentially cohesive and in
concrete;
4. The number of the ageing hours lead to a change of the failure mode from cohesive
type to adhesive type. However, the specimens with a lateral compression stress 
involved some peeling that led to an increase of that stress for higher loads, i.e., at
instants closed to the specimen failure;
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